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Abstract
Introduction—The young adult years have been recognized as an influential period for excess 
weight gain. Non-traditional students and those attending 2-year community colleges are at 
particularly high risk for a range of adverse weight-related outcomes.
Design—Choosing Healthy Options in College Environments and Settings was an RCT with 
students randomly assigned into a control or intervention condition after baseline assessment. The 
study was designed to evaluate if a 24-month weight gain prevention intervention reduces the 
expected increase in BMI and overweight prevalence in young adults attending 2-year colleges. 
Two cohorts were recruited, corresponding to the fall and spring semesters. Data collection 
occurred at four time points for each cohort, with baseline occurring in fall 2011 for Cohort 1 and 
spring 2012 for Cohort 2. The 24-month follow-up occurred in fall 2013 for Cohort 1 and spring 
2014 for Cohort 2. Data analysis occurred in 2015–2016.
Setting/participants—This research was conducted with 441 students from three community 
colleges in Minnesota.
Intervention—The 24-month intervention began with a 1-credit college course on healthy weight 
behaviors. A social networking and social support website was introduced as part of the course 
and participation encouraged for the duration of the trial.
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Main outcome measures—Changes in BMI, weight, body fat percentage, waist 
circumference, and weight status were assessed.
Results—Retention of the cohorts at 24 months was 83.4%. There was not a statistically 
significant difference in BMI between conditions at the end of the trial. However, there was a 
statically significant difference in the prevalence of overweight/obesity between treatment 
conditions at 24 months. Also, participants randomized to the intervention who were overweight 
or obese at baseline were more than three times as likely to transition to a healthy weight by the 
end of the trial as compared with control students.
Conclusions—The intervention was not successful in achieving BMI differences between 
treatment groups. However, an 8% reduction in the prevalence of overweight and obesity over time 
may have population-level significance.
INTRODUCTION
Obesity is a major public health priority.1,2 The young adult years in particular (e.g., age 18–
35 years) have been recognized as an influential period for excess weight gain and unhealthy 
weight-related behaviors.3,4 National Health and Nutrition Examination Survey data indicate 
that 67.1% of men aged 20–39 years and 55.8% of women aged 20–39 years were 
overweight or obese in 2010–2011.5 Furthermore, approximately 5.5 million Americans are 
obese by the time they reach their third decade of life.6 At-risk young adult populations, 
such as non-traditional students and those attending 2-year community colleges, are at 
particularly high risk for a range of adverse weight-related outcomes.7,8 In a study of more 
than 16,000 students attending 27 post-secondary campuses in Minnesota, Laska and 
colleagues8 found that students enrolled in 2-year colleges, particularly women, had a higher 
prevalence of overweight and obesity, lower levels of physical activity, more TV viewing, 
and higher intakes of soda and fast food compared with students attending 4-year colleges. 
Disparities persisted even after accounting for a range of sociodemographic factors known to 
differ between these 2-year and 4-year college students.
The importance of helping individuals maintain a heathy weight is paramount. Recent 
research shows that once individuals gain weight, losing weight and maintaining that weight 
loss is extremely difficult.9 Strategies that help individuals maintain a healthy weight, 
especially during high-risk life stages such as young adulthood, are likely the most effective 
approach for reducing obesity-related morbidity and mortality.
Despite the importance of this life stage and preventing unhealthy weight gain, scholarly 
work testing effective weight-related health promotion strategies for young adults is just 
emerging.3,4,10 Several recent systematic scientific literature reviews focusing on 
interventions to prevent overweight and obesity in young adults have identified major gaps 
in the literature. For example, Partridge et al.10 identified 21 RCTs published between 1980 
and 2014 that utilized lifestyle interventions for weight loss or weight gain prevention in 
young adults examining BMI or weight change as their primary outcome. More than half of 
the studies were effective in the short term for reducing BMI or weight; however, only one 
of the five studies that looked at maintenance saw an effect at follow-up.10 The nascent 
nature of the field is also reflected in limited external validity, interventions of very short 
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duration, and lack of long-term follow-up. Furthermore, none of the studies reviewed were 
conducted in the 2-year college setting.4,10
The use of technology to successfully engage participants in weight-related interventions has 
been identified as a priority area for future research with the young adult age group.4,11 
Technology-based eHealth strategies have been shown to be successful in the promotion of a 
wide range of healthy behaviors in other age groups and populations.12–19 However, in the 
review by Partridge and colleagues,10 only 29% of the interventions with young adults used 
any kind of technology. Of six studies that used some technology,20–24 three20,22,23 saw no 
intervention effects, two24 saw effects for a difference in body weight but not BMI, and only 
one21 saw a significant intervention effect for BMI.
To advance the field, the National Heart, Lung, and Blood Institute of NIH funded the 
EARLY consortium (www.earlytrials.org). This collaboration consisted of seven research 
sites charged with conducting technology-based intervention trials to test innovative 
behavioral or environmental approaches for weight control in young adults at high risk for 
weight gain11,25 (RFA-HL-08-007). The Choosing Healthy Options in College 
Environments and Settings (CHOICES) study was one of seven trials funded through the 
consortium, and tested the effectiveness of a 24-month intervention to reduce unhealthy 
weight gain in 2-year community college students.26 This manuscript describes the main 
results of the CHOICES study.
The primary hypothesis tested in CHOICES was that students randomized to an intervention 
condition would experience a smaller increase in BMI after a 24-month intervention as 
compared with students randomized to a control condition. A secondary hypothesis was that 
the intervention would result in significantly lower prevalence of overweight and obesity in 
students randomized to the intervention condition as compared with those randomized to the 
control condition.
METHODS
Study Design
The study design was an RCT, recruiting 441 students from three 2-year colleges to 
participate in a 24-month intervention to help students maintain or achieve a healthy weight. 
After consenting and baseline assessments, students were randomized to the intervention or 
control condition. Students randomized to the intervention condition received a 24-month 
intervention. Students randomized to the control condition received health assessments with 
their measurement visits as well as basic health promotion information on a quarterly 
basis.27 Data for the study were collected at baseline (2011/2012), 4 months (2012), 12 
months (2013), and 24 months (2014) post-randomization.
Three 2-year colleges in the Twin Cities, Minnesota metropolitan area agreed to participate 
in the study by committing to help with recruitment and retention activities, provide a space 
for measurement visits on campus, and to offer the 1-credit course to students randomized to 
the intervention. CHOICES study staff recruited students to participate in the study with 
help from the administrative offices at the colleges using a variety of approaches.28 Two 
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cohorts of students were recruited to participate in the study with a cohort beginning at both 
the fall and spring semester to be coincident with the offering of the intervention course. 
Details on recruitment and retention are available elsewhere.28
Students who expressed an interest in the study were prescreened for their eligibility. The 
main eligibility requirements included: (1) being aged 18–35 years; (2) having a BMI 
between 20 and 34.9 kg/m2; and (3) planning to live in the geographic area for at least 2 
years. A BMI of ≥20 was chosen as the lower cut point to help guard against unhealthy 
weight loss. Once students met the prescreening criteria, they were asked to provide 
informed consent that included an agreement to comply with their random assignment into 
the intervention or control condition and, if randomized into the intervention condition, to 
participate in the CHOICES intervention. A final screening occurred when baseline 
measures were taken including assessment of height and weight by study staff; interested 
students not meeting the BMI criteria were excluded from the study at that time. Following 
baseline measures students were blocked by college, weight status, and gender, and then 
randomly assigned within block to the intervention or control condition. The data 
management team used a random allocation sequence to assign participants to either 
condition.
Students who consented to participate in the study were provided up to $100 for each 
measurement visit, for a maximum potential compensation of $400. Participants also 
received results from their health assessments, and, if randomized to the intervention, had 
fees for the 1-credit class paid by the research grant and were given full access to the 
CHOICES study website. The IRB: Human Subjects Committee at the University of 
Minnesota approved all protocol for the CHOICES study.
The intervention and conceptual model guiding the intervention are described in detail 
elsewhere.26 Briefly, students randomized to the intervention condition were required to 
enroll in a 1-credit, semester-long academic course at their college, designed and taught by 
CHOICES study staff. The course was based on the Sleep, Eat, and Exercise course29 from 
the Rothenberger Institute at the University of Minnesota (www.ri.umn.edu/) that focuses on 
behaviors related to healthy weight maintenance (diet, physical activity, stress management, 
and sleep). Students could choose to enroll in an online, face-to-face, or hybrid version of 
the course. A social network website designed for the CHOICES study was introduced in the 
course and encouraged self-monitoring, goal setting, and interaction around the same health 
behaviors taught in the course. In addition to being able to self-monitor and set goals for ten 
unique behaviors (including sleep, stress management, screen time, eating breakfast, fruits, 
vegetables, sugar-sweetened beverage and fast food intake, physical activity, mindful eating) 
and weight, the website also included a discussion forum for students to engage with each 
other on a variety of topics, an “Ask the Expert” section where students could ask 
confidential questions about a personal challenge or health issue, and a hot topics page 
where news articles were posted. Incentives in the form of points for participation were 
provided and could be redeemed for a variety of wellness-related products such as yoga mats 
and cooking utensils. These incentives and periodic encouragement via e-mail from 
intervention staff were used to encourage students to participate in the website during the 
24-month intervention period.
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Measures
Assessments included a measurement visit at the participant’s college where height, weight, 
waist circumference, and body fat were assessed by trained study staff and where 
participants completed a paper/pencil survey. Anthropometric measurements were assessed 
by trained and certified data collectors following the protocol established for all of the 
EARLY trials.25 The protocol included assessing height using a calibrated stadiometer 
graduated in cm and assessing weight using a calibrated digital scale that measured weight 
to the nearest 0.1 kg. Height and weight were assessed at each measurement period and used 
to calculate BMI. Waist circumference was taken and recorded to the nearest 0.1 cm using a 
Gullick tape measure. Proportion of body fat was assessed using a Tanita Scale measuring 
bioelectrical impedance (TBF-300A) and blood pressure was assessed using the Critikon 
Dinamap 8100 monitor. The CHOICES survey asked respondents to report their 
demographic characteristics (including sex, age, race/ethnicity, household education, and 
income), behavioral patterns, and other psychosocial and affective characteristics. Students 
were also asked to complete two dietary recalls online using the Automated Self-
Administered 24-hour dietary recall system.30 In addition to baseline assessments, there was 
an attempt to follow and assess all participants at 4 months (at the end of the 1-credit college 
course) and again at 12 and 24 months.
Statistical Analysis
Descriptive statistics were used to describe the demographic characteristics and weight-
related variables of the baseline sample. The primary outcome analysis used hierarchical 
linear models having repeated measures of the outcome regressed on experimental 
condition, adjusted for baseline age (linear), sex, race, and household education level (all 
categorical) as well as recruitment cohort (two levels: fall semester, spring semester) and 
college (three levels). Residuals were correlated using a Toeplitz pattern to account for 
correlation due to repeated measurement of the same individuals over time. The four 
continuously distributed outcomes (BMI, weight, waist circumference, body fat percentage) 
were modeled using linear regression and the single categorical outcome (overweight/obese: 
BMI ≥25, BMI <25) used logistic regression. The overall intervention effect was tested 
using a 3-df time (four levels: 0, 4, 12, and 24) × condition (two levels: intervention, 
control) interaction, with 1-df planned contrasts used to test net differences (intervention 
minus control at 4 months, 12 months, or 24 months vs intervention minus control at 
baseline). Although few data were missing, a series of 100 imputations using a very full 
imputer’s model were run and analyzed using the same models. The results were very 
consistent and analyses of available data only are presented here. To examine longitudinal 
transitions between healthy weight (BMI <25 kg/m2) and overweight (BMI ≥25 kg/m2) or 
vice versa over the course of the study, the data were separated by baseline weight status, 
and analyzed using logistic models as before (but without repeated measures), providing 
adjusted probabilities for transition between categories of weight status by randomization 
status. All analyses were conducted using SAS, version 9.3 and occurred in 2014–2015.
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RESULTS
A total of 441 students participated in baseline measurement and were randomized to 
conditions. Figure 1 shows the CONSORT diagram tracking those initially expressing 
interest in the study to the data available at the final 24-month assessment. Of the 962 
individuals who expressed interest in the study, 519 were determined to be ineligible at the 
initial contact, pre-screening assessment, or baseline visit. The most frequent reasons for 
ineligibility were: (1) age out of range; (2) not attending a participating 2-year college; or (3) 
BMI out of range. Of the remaining 443 individuals, two dropped out prior to 
randomization.
Table 1 shows the demographic characteristics of the total sample at baseline and by 
treatment condition, those remaining at 24 months, and those lost to attrition. The baseline 
sample was primarily female (67.6%) and white (72.6%) with a mean age of 22.7 years. 
Approximately two thirds of the sample had a yearly income <$12,000. Mean BMI for the 
total sample was 25.4 kg/m2 and fewer than half (46.7%) of the baseline sample were 
overweight or obese (BMI ≥25). Nearly one third were overweight (32.9%) and 14% were 
obese (data not shown).31 There were no statistically significant differences (p≤0.05) by 
treatment condition for any of these characteristics post-randomization. At the 24-month 
measurement period, 368 participants were assessed and height and weight were available 
on 366 participants, resulting in a retention rate of 83.4%.28 There were statistically 
significant differences (p≤0.05) between the sample retained for the entire 24 months and 
the sample lost to follow-up by race/ethnicity (with those lost to follow-up more likely to be 
non-white) and by income (with those lost to follow-up more likely to have a higher income 
or report they didn’t know their income). There was no differential dropout by treatment 
condition with the exception of sex. Women in the intervention condition were slightly more 
likely to drop out as compared with women in the control condition (p=0.05, data not 
shown).28
Table 2 shows the adjusted mean values and SEs for BMI, weight in kg, waist 
circumference, body fat percentage, and prevalence of overweight and obesity by condition 
at each of the four measurement periods, adjusting for demographic characteristics and 
controlling for college and cohort as fixed effects. The net difference between conditions 
over the 24-month period is presented with the p-value for the adjusted model; the net 
difference accounts for the differences in outcomes by condition at baseline as well as any 
differences in baseline covariates related to the outcomes by condition. There were no 
statistically significant differences by treatment condition for BMI, weight, waist 
circumference, or body fat percentage. The prevalence of overweight or obesity was 
significantly lower in the intervention condition as compared with the control condition at 24 
months (net difference, 8.3%; p=0.049). By the end of the intervention, 46.5% of the 
intervention participants were overweight or obese as compared with 57.6% of those in the 
control group.
After running the analysis for the primary and secondary outcomes, several additional 
analyses were run to try to better understand why no differences in BMI were seen by 
treatment group whereas differences in prevalence of overweight/obesity were seen. It was 
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hypothesized that the inability to see differences in BMI at 24 months between treatment 
groups might be caused by outliers in BMI shift: Because only small changes in BMI were 
expected in this weight gain prevention study, large weight changes in either group might 
have affected mean BMI.
Therefore, the distribution of weight change across the sample was examined and those with 
very large shifts in weight between the baseline and the 24-month measurement period (a 
change of >15% body weight) were considered to be outliers. Thirty-two participants (18 
from intervention and 14 from control) gained >15% and four participants (two from each 
condition) lost >15% of their body weight between baseline and 24 months across the two 
conditions. These 36 cases were eliminated from the data and the primary analysis was re-
run on the reduced sample; no significant differences between treatment conditions at any 
time point were found (p=0.38 at 4 months; p=0.45 at 12 months; p=0.82 at 24 months).
Another approach recommended by Stevens et al.32 was considered, which involved looking 
at differences by condition in those who maintained their weight, gained weight, and lost 
weight between baseline and the 24 month period; a 3% difference from baseline was 
considered a change and weight stability of <3% gain or loss was considered maintenance. 
The transition between those categories by treatment condition was examined using chi-
square analysis. Across the entire sample, more than half (53.6%) gained weight and 20% 
lost weight during the trial. At the end of the trial, 21.4% of intervention participants lost 
weight versus 18.4% of those in the control condition and 54.6% of those in the intervention 
condition gained weight as compared to 52.5% of those in the control condition. When 
comparisons of weight change categories were examined by the treatment condition, there 
were no significant intervention effects (p=0.52).
Finally, as exploratory analyses, the effectiveness of the intervention to help college students 
identified as overweight or obese lose weight and to help healthy weight students maintain a 
healthy weight was examined by evaluating the transition between weight categories by 
treatment condition. Consistent with the primary and secondary analyses, these exploratory 
analyses were adjusted for age, sex, race, and household education and included college and 
cohort as fixed effects. At baseline, 90 participants randomized to the intervention condition 
and 82 individuals randomized to the control condition were overweight or obese (BMI ≥25 
kg/m2). At 24 months, nearly 14% of the intervention participants who started the trial as 
overweight or obese transitioned into a healthy weight (BMI <25 kg/m2) whereas only 4% 
of participants in the control condition who started overweight or obese transitioned into a 
healthy weight category; the difference by treatment condition was statistically significant 
(p=0.02). In addition, at baseline, 97 participants from each treatment condition started at a 
healthy weight. Nearly 24% of those randomized to the control condition transitioned from 
being a healthy weight to overweight or obese by the end of the trial whereas 17% of those 
randomized to the intervention condition transitioned to the overweight or obese category; 
the difference by condition was not statistically significant (p=0.24).
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DISCUSSION
This study was one of the first weight gain prevention trials in young adults to test an 
intervention of 24-month duration and the only one to date to be conducted with 2-year 
college students.10,23 The CHOICES study did not yield a significant treatment effect for 
BMI at 24 months. Results from CHOICES were similar to other weight management trials 
in young adults; very few positive long-term results in obesity prevention interventions in 
young adults have been realized.10
Technology-based interventions hold some hope for increasing the reach of interventions as 
well as providing a platform that might be particularly engaging to young adults.12–19 But, 
results using technology as a weight management intervention strategy have been mixed and 
those of long duration often find that engagement in technology decreases over time. A 
review of web-based behavior change interventions13 showed that attracting and maintaining 
participants’ attention in a web-based intervention is quite challenging.
Engagement was examined as an issue in the CHOICES outcomes. Overall, engagement in 
the 1-credit course was very good,34 where fewer than 15% dropped out of the course before 
the end of the semester and the vast majority of students (69%–100%) completed all of the 
activities required in the course (i.e., setting goals and completing homework activities). In 
the face-to-face course, attendance was high with nearly 80% attending all classes; reported 
satisfaction with the course was also very high. Continued engagement with the social 
networking website was more problematic. At the beginning of the intervention, at least 
50%–60% of participants logged in and self-monitored their weight at least once a month; 
but by the end of the 24 months, those rates had fallen to only about 30% regularly logging 
their weight.34 Despite the drop off in engagement, at the end of the 24-month intervention, 
91.5% of intervention participants reported being somewhat or very satisfied with the 
intervention and 94% said that they would recommend it to others.34 Similarly, the Cell 
phone intervention for you (CITY) trial33 (one of the seven EARLY Trials25) was an RCT of 
a behavioral weight loss intervention in young adults that used cell phones and apps as their 
intervention platform in their 24 month intervention. Engagement with the CITY cell phone 
app dropped from nearly five times per day in the first 6 months of the intervention down to 
less than once a day by the end of the trial. Although technology-based interventions are 
appealing because of their reach and cost effectiveness, sustaining young adults’ engagement 
in health promotion activities using technology is very challenging as their social media 
options are vast, technologically very sophisticated, and highly competitive for their time.
The CHOICES study did result in a significant difference in change in the prevalence of 
overweight/obesity by condition as observed by the widening gap in prevalence beginning at 
the 4-month assessment period and reaching a statistically significant difference of more 
than 8% by the final assessment period. In addition, participants randomized to the 
intervention condition with a BMI of ≥25 kg/m2 at baseline were more than three times as 
likely as their control counterparts to transition to a healthy weight by the 24-month period. 
Therefore, the CHOICES intervention appeared to be effective as an obesity treatment 
program for participants starting the trial overweight or obese. CHOICES’ apparent success 
as a weight loss intervention may be because the students who were the heaviest were more 
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motivated and ready to make the behavioral changes recommended and reinforced through 
the intervention.
An intervention’s effect on both change in BMI and prevalence of overweight is rarely 
examined in weight loss or weight gain prevention studies. None of the articles included in 
the review by Partridge and colleagues10 of weight gain prevention studies of young adults 
evaluated change in the prevalence of overweight or obesity by treatment condition. 
However, both BMI and prevalence change were examined in Bright Start, a weight gain 
prevention trial conducted with American Indian children, and a similar pattern of outcomes 
was seen.35 Although the Bright Start intervention did not result in a statistically significant 
change in mean levels of BMI, BMI-Z, skinfolds, or body fat percentage, the intervention 
resulted in a 10% lower prevalence of overweight and obesity in the intervention as 
compared with the control condition.35
Prevalence of overweight and obesity is directly linked to population-level health outcomes. 
The HEALTHY study, a multisite school-based study designed to mitigate risk for Type 2 
diabetes, examined cardiometabolic risk associated with shifts in weight category. The study 
found that a shift from a healthy weight category to an overweight or obese category during 
adolescence was associated with clinically meaningful changes in cardiometabolic risk, 
including glucose, insulin, systolic and diastolic blood pressure, and lipids.36 In addition, the 
Coronary Artery Risk Development in Young Adults study, a prospective, epidemiologic 
investigation of the determinants and evolution of cardiovascular disease in young adults, 
showed that participants who were classified at baseline as overweight or above based on a 
BMI of ≥25 kg/m2 had statistically significantly greater risk for coronary artery calcification 
at the 15-year follow-up visit as compared with those entering young adulthood at a 
healthier weight.37
Limitations
There are limitations to this research. Although this study was conducted in the community 
as an effectiveness trial, additional research with other young adults in 2-year community 
colleges is warranted. Tracking the cohort over time would be desirable to determine if the 
difference in prevalence rates by condition persists and to evaluate if the delay in the onset of 
overweight or obesity carries with it health benefits. Because of sample size constraints, the 
categories of overweight and obesity were combined. Additional insights might be gleaned 
from examining intervention impact and transitions between three categories of weight 
status. Sample size constraints also limit the inferences that can be made on the exploratory 
analysis that considers the intervention’s impact on students entering the trial overweight or 
obese.
CONCLUSIONS
In spite of these limitations, this is an important study with significant findings. A reduction 
in the prevalence of overweight and obesity in young adults may positively impact chronic 
disease risk in clinically relevant ways.37–40 The intervention also appears to have helped 
overweight students transition into a healthy weight. Finally, the intervention was designed 
with reach and ease of dissemination in mind. A weight management course offered through 
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colleges and a web-based intervention represent useful public health approaches to reduce 
the burden of obesity in young adults.
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Figure 1. 
CONSORT diagram. Flow of participants through the CHOICES Study.
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